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STUDIES  ON  TEE  DYNAMIC  MECHANICAL 
PECPZET IES  OF  THE  COMPOSITE  MODIFIED 

DOUBLE-BASF  PROPELLANT* 

Zhou  Zhou,  Jia  Zhanning  and  Zhou  Qihuai** 

Abstract 

The  dynamic  mechanical  properties  of  the  composite  modified  douhle- 
base  (CMDB),  double-base  (DU)  and  polyvinyl  chloride  (PVC)  compo¬ 
site  propellants  '‘ere  measured  respectively  with  a  Rheovibron  viicoelasto- 
meter.  The  effects  of  three  kinds  of  solid  fillersCaluminium  (  A1 ),  ammo¬ 
nium  perchlorate  (A P)  and  cyclotetraethylenetetranitramine  ( HMX))  and 
the  different  kinds  and  contents  of  plasticizers  (triacetin(TA),  ortho-di¬ 
butyl  phthula?e(DBP)and  uitroglycerine(NG))on  the  dynamic  mechanical 
properties  of  the  double-base  binder  were  studied.  The  dynamic  mechani¬ 
cal  data  and  spectrums  on  these  ingredients  have  been  obtained  at  a 
f  1Xed  frequency  (3iD)and  a  broad  range  of  temperature.  At  the  same  ti¬ 
me,  the  impact  strengths  of  the  CMDB  propellant,  the  double-base  bin¬ 
der  and  the  pvc  propellant  were  also  measured  at  a  broad  range  of  tem¬ 
perature.  Experimental  conclusions  have  been  obtained  that  the  dyna¬ 
mical  mechanical  properties  of  the  CMDB  propellant  lie  between  the  DU 
and  PVC  composite  propellants  and  depend  on  its  binder  system,  and 
that  the  CMDB  propellant  has  the  specific  properties  of  both  higher  me-  ^ 

clianical  damping  and  a  strong  $  relaxation  at  low  temperature.  Y  *  1  ' 

From  related  publications  in  the  U.S.  since  the  early 
19cC»st  dynamic  mechanical  properties  of  solid  propellants  11] 
have  been  studied  using  various  dynamic  measurement  instruments  [2] 
Recently,  similar  works  have  also  been  done  in  England. 

However,  in  the  U.S.,  most  of  the  researchers  have  concentrated 
or.  complex  propellants.  There  have  been  no  studies  reported 
on  the  dynamic  mechanical  properties  of  CMDB  propellants. 

In  China,  the  dynamic  property  measurements  of  solid  propellants 
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using  the  twisting  method  and  the  vibrating  spring  method  have 
been  attempted# 

In  this  paper  a  study  of  the  dynamic  properties,  as  well 
as  the  effect  of  the  composition  on  the  mechanical  properties 
of  CHDB  propellants,  is  discussed  by  using  a  viscoelastometer# 

1 #  Samples  and  Experimental  Method 
1 • 1  Samples 

The  detailed  compositions  of  the  samples  are  listed  in 
Tables  1.1  -  1.3. 

1.2  Experimental  Method 

1.2.1  Dynamic  Experimental  Method 

The  dissipation  angle  6  (i.e.  the  phase  difference  between 

the  sinusoidal  strain  and  the  sinusoidal  stress),  as  well  as  the 
complex  modulus  |z*|  can  be  obtained  by  use  of  a  Z-IJP  automatic 
viscoelastometer  over  a  wide  temperature  range,  Kence,  the 
modulus  of  energy  stored  is  E*=|E*lcos5  ,  N/r^;  the  modulus 
of  dissipation  is  E' '  =  |z*j  sin  6  ,  N/rr.^;  and  the  dissipation 
factor  tan  £  =E,,/E*. 

The  experimental  conditions  were:  /5 1 

Size:  length  x  width  x  height  *  2-5  x  0. 1-0.5  x  0.01-0.2 
Temperature  increase:  2°C/min. 

Experimental  temperature  range:  -100° Z  -  +160°s 
Experimental  frequency:  3Kz. 
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Table  1.1  Composition  of  Samples  (a). 


/50 


I 


K'" 


92  -Li ; 


(2)  The  compositions  in  the 
table  are  defined  as: 
weight  %  ratio  of 
component  content  to 

!,'C  content* 

(3)  The  samples  in  the  table 
were  made  by  casting. 


(6)  Composition 

(7)  Stabilizer 

(8)  Solubilizing  agent 
and  specialized 
additive 
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Table  1.2  Compositions  of  samples  (b).  /SO 


(2)  Content  (%) 

(3)  Composition 

Note:  The  samples  listed  in  the  table  were  made  by 
pressurization. 


Table  1,3 

Composition 

of  samples  (c). 

B3  Propellant 

PVC  Propellant 

Composition 

Content  % 

Composition 

Content  % 

KC 

55 

PVC 

12.5 

frz 

29.3 

AP 

70 

Solubilizing 

Agent 

10 

Plasticizer 

17.0 

Stabilizer 

3.0 

Stabilizer 

0.5 

Trajectory 

Improver 

0.9 

Combustion 

Hate  Adjustor 

0.05  (added) 

Specialized 

Additive 

1.8 

(1)  NC  -  Nitrocellulose 

(2)  PVC  propellant  made  by  casting 

(3)  D3  propellant  made  by  screw-squeezing 
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1.2.2 


Impulse  Method 


The  experimental  instrument  used  was  a  pendulum  impulser. 

The  conditions  were: 

Potential  energy  of  the  pendulum:  10  kg-cm 
Size  (width)  of  the  clamp  mouth:  4.0  cm 
Impulsive  speed:  2.87  m/s 

Sample  size:  5*5  x  0.5  x0.5  cm^  (there  is  no  gap  or. 
the  sample) 

Experimental  temperature  range:  -100°C  -  +30*C 

Time  the  sample  remains  at  constant  temperature:  30  min. 

The  strength  of  the  impulse,  a,  is  calculated  by: 

_ /worm,  consumed  bv  cutting  the  sample^  /  kg- cm  \ 
sample  cross  section  /\  cm .*'/ 

2.  Results 

The  experimental  results  are  shown  in  Figures  3«1  -  5*12.  /52 

In  Table  2.1,  the  glass-converting  temperature  Tg  and 
£  —converting  temperature  Tp  ,  determined  from  the  temperature 
corresponding  to  the  maximum  dissipation  angle,  are  given. 


Table  2.1  Tg  and  Tp  of  the  different  samples 

under  ’5Hz  dynamic  conditions. 
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( 1 )  Sample  number 

(2)  Sample  number 

•Obtained  by  drawing  a  tangent  line 


3*  Discussion 

Following  the  style  of  dynamic  analyses,  v;e  use  the 
tan^-  t  figure  to  observe  the  internal  dissipation,  with  the 
characteristic  range  of  material  visco-elastic  behavior 
determined  by  the  E*  -  t  figure  as  follows: 

3*1  Characteristic  Dynamic  Properties  of  CKDB  Propellants 

(1)  Under  the  3 Hz  dynamic  conditions,  it  can  be 
seen  from  Figure  3«1  and  Table  2*1  that  the  glass-converting 
dissipation  peaks  of  the  three  propellants  are  in  different 
temperature  ranges*  The  Tg  (-21,6° C)  of  the  FVC  propellant 

is  much  lower  than  room  temperature*  Hence,  at  room  temperature 
it  will  behave  like  rubber*  The  Tg  (65*1° C)  of  the  DB  propellant 
is  much  higher  than  room  temperature*  Hence,  it  is  a  plastic 
material  under  normal  (room)  temperatures*  The  Tg  of  CKDB 
propellant  is  31*2°C»  close  to  room  temperature*  Therefore, 
it  does  not  have  a  mechanical  behavior  typical  of  plastic  or 
rubber,  and  in  fact  presents  mainly  a  transition  property* 

(2)  Also  from  Figure  3*1»  both  the  D3  and  CKDB 
have  a  relatively  strong  secondary  transition  (?~  transition 
or  £- relaxation),  but  PVC  does  not  behave  in  such  a  way.  The 
main  internal  converting  dissipation  peak  of  CKDB  reaches  a 
maximum  in  the  range  from  -30 °C  to  +  70°C,  which  is  the  normal 
temperature  range  for  propellants'  use*  Also,  CKDB  has  a 
relatively  stronger ?  -relaxation  for  internal  dissipation  in 
the  low  temperature  ranges*  By  viewing  the  entire  temperature 
range  of  propellant  usage,  the  internal  dissipation  of  CKDB 


propellant  is  relatively  higher 


The  authors  of  Pef*  3  concluded  that  CMI-B  propellant 
is  suitable  at  the  temperature  and  vibration  conditions 
encountered  over  the  ocean,  and  they  applied  it  to  the  engine 
of  the  "sea  javelin"  missile*  This  showed  that  the  great 
internal  dissipation  of  the  propellant  was  fully  used* 

(3)  From  Figure  3*2,  E*  of  the  CFPF  propellant 
is  obviously  located  between  those  of  13  and  FVC,  over  the 
temperature  ranges  from  -100 °C  to  +100° C.  In  the  temperature 


•/K 


gure  3»1 


The  tan  :  -  t  curves 
for  13,  'JIT 3  and  FVC 
propellants  are  shown* 
( 1 )  Experimental 
frequency. 


Figure  3»2  The  F*  -  t  curves 
of  IP,  TP'-  and 
PVT  propellant 
are  shown* 

(1)  Experimental 
frequency. 


range  of  propellant  use  (-50 °C  to  +70°C) ,  CMDB  propellant  crosses  the  class 
range  (-50°C  to  +6°C),  the  glass  conversion  range  (6°C  to  50°C), 
and  the  highly  elastic  range  (50° C  to  70°C),  Because  of 
secondary  transitions  occurring  above  -60°C,  relaxation  occurs 
in  the  glass  region  and  the  value  of  E1  continuously  decreases* 
Therefore,  with  respect  to  the  glass  phase  with  constant 
modulus,  it  still  behaves  to  some  degree  as  a  plastic  in  the 
low  temperature  range#  Also,  the  transition  region  is  very 
wide,  with  a  decreasing  modulus*  The  transition  region  occupies 
almost  all  of  the  usable  temperature  range  (-50* C  to  +50° C) 
and  this  leads  to  a  strong  internal  dissipation  in  the  usable 
temperature  range.  The  D3  propellant  crosses  the  glass  phase 
region  (-50°C  to  +40° C)  and  glass  conversion  region  (40cC  to 
70°C)  in  its  usable  temperature  range*  Because  of  its  high 
Tg,  it  is  in  the  glass  phase  throughout  the  majority  of  its 
usable  temperature  range*  Although  g,  -relaxation  occurs  during 
its  glass  phase,  distortions  occur  only  with  great  difficulty 

because  of  a  high,  slowly  decreasing  value  of  £'•  The  PV3 
propellant  is  located  basically  in  the  glass-convertinc  and 
the  highly  elastic  regions  where  the  temperature  is  between 
-5C° 3  arc  +7CC3.  At  the  same  time,  because  its  Tg  is  low 
ar.c  its  moo  ulus  decreases  rapidly,  it  is  a  very  good  plastic 
propellant  in  its  usable  temperature  range. 

From  the  above  analysis,  the  dynamic  mechanical  properties 
of  the  three  propellants  are  seen  to  differ  tremendously.  This 
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is  due  mainly  to  their  different  basic  structure  (the  CK3B  and 
the  DB  propellants  are  KC,  while  the  PVC  propellant  is  polyvinyl 
chloride)*  For  the  same  basic  structure  the  reasons  for 
different  properties  would  be  the  different  forming  method 
used  (CMD3  is  made  by  casting  and  D3  is  made  by  screw-squeezing) 
and  the  different  ratios  of  fiber  to  solution  (33:  NC/solutions  = 
1.26,  CMDB,  N C/solution  «  0*57).  Lastly,  there  is  a  large  amount 
of  filler  in  CLT3 . 

3*2  The  Relation  Between  Dynamic  Mechanical  Properties 
and  the  Anti- impulse  Tnergy  of  CMD3 

Recently,  it  has  been  proven  by  many  experiments  with  14-71 
polymers  that  the  impulsive  strength  below  Tg  will  increase 
if  the  polymers  have  a  strong  c -relaxation*  From  this  experiment 
v;e  know  that  the  £ -relaxation  of  CMPB  is  relatively  strong. 
Therefore,  an  impulse  experiment  was  done  to  demonstrate  the 
increase  in  impulsive  strength  in  its  glass  phase. 


i/V 


Figure  3. 3  Curves  showing  a  vs.  t  for  the  double-base  adhesive 
and  the  CMl"  ar.d  PVC  propellants.  (1)  Double-base 
adhesive. 
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From  Figure  3*3  it  is  seen  that  the  impulsive  strength 
of  CKBB  propellant  increases  in  two  stages  as  the  temperature 
increases.  Since  its  ^-relaxation  can  yield  great  internal 
dissipation,  much  of  the  impulsive  energy  can  be  dissipated 
even  under  rapidly  increasing  temperatures*  This  temperature 
rise  is  caused  by  the  great  increase  in  the  impulsive  energy, 
which  in  turn  is  caused  by  the  chain-motion*  Hence,  occurrence 
and  development  of  cracks  may  be  prevented  or  reduced  and  the 
resistance  of  CKB3  to  impulses  will  increase.  From  cross- 
sectional  observations  of  the  samples,  the  cross  sections 
tended  to  be  rougher  and  the  brightness  was  reduced  to  zero 
when  the  temperature  changed  from  -50VC  to  -30cC*  It 

obviously  forms  the  transitional  characteristics  from  brittle 
cracks  to  tenacious  cracks*  Therefore,  the  cracks  formed  in 
Ck!3  propellant  at  temperatures  above  -30 °C  are  tenacious* 
Nielson  [C]  indicated  that  if  Z'VF*  is  lower  than 
approximately  0*02,  the  tough  polymers  are  usually  brittle^ 
i*e*  the  impulsive  strength  of  the  material  is  low*  If  7,,/Z' 
as  greater  than  0,1  the  impulsive  strength  is  usually  high* 

From  our  experimental  data  in  this  paper,  tan  l  of  ONPH  propella 
is  higher  than  0.02  at  temperatures  greater  than  or  equal  to 
-52.6*C.  It  is  greater  than  0.10  for  temperatures  greater 
than  or  equal  to  -36.5*0*  Hence,  CMT3  propellants  have  a 
certain  degree  of  tenacity  with  temperatures  higher  than  -52*6  0 
and  subject  to  3Hz  dynamic  conditions*  It  also  has  a  relatively 
large  impulsive  strength  at  temperatures  higher  than  -36*5*0. 


From  Figure  3*1  it  can  be  seen  that  the  above  conclusions  fall 
within  its  ^-relaxation  region.  This  temperature  (-36,5 *C)  is 

consistent  with  its  T  7.  (-36,2*0),  The  impulsive  experiments 

% 

have  proven  that  £  -relaxation  is  related  to  impulsive  strength. 

Hence,  it  is  possible  to  employ  C!!D3  propellants  between  Tg  and  Tr  • 

A  ^-relaxation  also  exists  in  the  double-base  adhesive  15k 

( see  Figure  3«4)*  Therefore,  conclusions  similar  to  those 
obtained  for  the  CHDB  propellant  can  be  reached.  However  (Fig.  3.1), 
because  the  1  -relaxation  does  not  exist  in  PVO  propellants. 


its  impulsive  strength  will  rapidly  increase  when  the  temperature 

increases  to  the  major  chain-motion  condition  (-60*C),  Comparing 

this  to  CMD3,  PVC  can  only  be  used  at  a  temperature  higher  than 

its  major  chain-motion  temperature  Tg,  Hence,  it  is  inappropriate 

to  consider  the  Tg  of  CHI'S  as  the  limit  for  its  low  temperature 

use.  The  influence  of  strong  £ -relaxation  on  the  mechanical 

« 

properties  at  low  temperatures  should  be  considered, 

3,3  Influence  of  the  Fillers  to  the  Dynamic  Mechanical 
Properties  of  the  Double-base  Adhesive 

The  influence  of  the  fillers  on  the  dynamic  mechanical 


properties  of  the  double-base  adhesive  is  shown  in  Figures 
3,4  -  3,6*  It  is  seen  from  these  figures  that  the  value 
of  tan  1  corresponding  to  both  the  pure  double-base  adhesive 
sample  (sample  5)  and  to  the  pure  material  with  filler 
added  (samples  6-11)  increases  at  around  -60° C  with  a  /55 

strong  ;  -relaxation.  However,  the  two  internal  dissipation 
peaks  of  transition  are  not  significantly  shifted  with  the 
addition  of  the  different  fillers.  Their  transition 


ii 


temperatures  are  very  close  to  each  other.  The  added  fillers 


significantly  decrease  the  peak  of  ^-internal  dissipation. 
The  effects  of  the  three  fillers  on  the  double-base  adhesive 
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added  fillers  is  greater  than  that  of  the  pure  adhesive  (with 
increasing  temperature)  after  occurrence  of  ^-relaxation  (above 
-60  C).  Also,  Ef  is  increased  significantly  in  the  highly 
elastic  region.  This  statement  is  consistent  with  the 
dynamic  mechanical  properties  of  common  polymers  with  added 
rigid  fillers  (Pef.  9)»  as  well  as  the  effects  of  the  rigid 
fillers  mentioned  above  on  a  complex  and  nitrified  plasticsol 
(Pefs.  10  and  11). 

3.4  The  Influence  of  Plasticizers  to  the  Dynamic 
Mechanical  Properties  of  the  Double-base  Adhesive 

(1)  The  Influence  of  Solubilizing  Agents  and 
Specialized  Additives 

Sample  number  3  is  made  of  the  double-base  adhesive 

without  solubilizing  agents  and  other  specialized 

additives.  Comparing  this  to  sample  number  5  (Table  2.1, 

Figure  3*7) »  the  effects  of  the  small  amount  of  solubilizing 

agent  and  the  specialized  additive  on  the  dynamic  mechanical 
properties  and  the  two  transition  temperatures  of  the 
CEDE  propellant  is  not  significant. 
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The  E'-t  curves  for 
sample  numbers  3  and  5 
are  shown.  (1)  Experi¬ 
mental  frequency. 
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The  tan  6-t  curves  for 
sample  numbers  1-4  are 
shown.  (1)  Experimental 
frequency. 
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(2)  Influence  of  the  Amount  of  NG  (Figures 


3.8  -  3.10) 


The  ratio  of  NG  to  NG  varies  from  0,5  to  2  for  sample 
numbers  1  -  4.  From  figures  3.8  -  3.10*  the  decrease  in  Tf  of 
an  adhesive  system  caused  by  NG  is  not  as  great  as  the  decrease 
in  Tg  (this  is  mainly  due  to  the  decrease  in  activity  of  NG 
molecules  at  lov;  temperature).  The  major  influence  of  NG  on 
an  adhesive  system  is  the  effect  on  the  main  transition,  but 
the  increase  in  plasticity  is  related  to  NG  content.  When  the 
amount  of  NG  reaches  a  certain  level,  58.51%  in  the  case  of 


sample  number  5»  it  reduces  the  Tg  decrease  in  an  adhesive 
system.  This  also  narrows  the  highly  elastic  region  and  intensifies 


the  decrease  of  frictional  flow  temperature  T^.  This  result  is 
consistent  with  the  rule  [l2] }  which  generally  describes  the 


influence  of  adding  plasticizers  to  rigid  polymers.  Hence, 


there  exists  an  amount  of  plasticizer  added  to  an  adhesive 


system,  that  results  in  an  optimum  plasticization. 

The  highly  elastic  region  is  widest  with  this  amount. 

The  optimum  amount  of  NG  can  be  determined  by  connecting 
NG,  It  has  the  ability  to  prevent  the  molecular  chain  from 
sliding.  Hence,  the  amount  of  NG  can  be  increased.  It  not 
only  decreases  the  Tg  but  also  widens  the  highly  elastic  region 
and  solves  the  problem,  caused  by  unconnected  NG.  Also,  NG  car. 
increase  the  internal  dissipation  of  t''*  adhesive  at  low 
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temperatures. 


This  helps  to  improve  the  impulsive  resietar.ee 


of  CT'Io  propellants  at  lov;  temperatures*  Therefore,  using 
preconnected  HZ  to  increase  the  plasticity,  combined  with 
adjusting  the  N3  dosage,  results  in  an  effective  way  of 
improving  the  dynamic  mechanical  properties  of  CITE  propellants 
at  low  temperatures* 


Figure  3.9  The  Tc  (Tf )  -  NG/KC 
curves  of  sample  numbers  1  -»  4 
are  shown* 


Figure  3*10  The  E'-t  curves 
for  sample  numbers  1  -  4  are 
shown,  ( 1 )  Experimental 
frequency. 


(3)  The  Influence  of  Different  Plasticizers 
The  experimental  results  from  adhesive  samples  made  of 
different  plasticizers  (TA,  D3P  and  NG)  and  NC  are  shown  in  (12*, 13*, 14*) 
Table  2*1  and  Figure  3*11.  The  results  chow  that  r- -transit ion 
always  appears,  even  for  different  kinds  of  plasticizers* 

(This  indicates  that  ■. -transition  is  caused  by  motion  of 
V -relaxation  unit  of  the  came  structure  carrier  as  !M* )  Also, 


the  decrease  in  T  and  _*  of  NC  caused  by  NG  is  not  as  significant 

O 

as  those  caused  by  TA  and  DB?  for  the  sane  weight  percentage. 
Therefore,  the  effectiveness  of  plasticization  will  be  better 
if  NG  is  combined  with  another  plasticizer  under  conditions 
that  do  not  influence  the  energy  of  CMDB  propellants. 


l/X 

Figure  3.11  The  F'-t  curves  for  sample  numbers  12  -  14  are 
shown,  ( 1 )  Experimental  frequency. 

(4)  An  Attempt  at  a  Quantitative  Description 
From  the  equal  viscosity  theory,  plasticizers  and  polymer 
systems  can  be  treated  as  a  dense  solution  of  polymers.  From 
Flory's  formula  for  viscosity  of  a  dense  solution  of  macro- 
molecules,  a  solution  of  the  quantitative  relation  between 
the  weight  percentage  W  of  a  polymer  and  Tg  of  a  dense 
solution,  is; 

sw-*'-  brt: 

where  Ev  is  the  viscous  activation  energy;  Tg  is  the  classifying 
temperature;  and  A*  and  3  are  constants;  assuming  that  Ev  does 


not  vary  with  W.  A  double-base  adhesive  is  a  dense  solution 


of  NC.  Therefore,  the  conditions  described  for  the  relation 
are  satisfied.  Under  the  constant  viscous  situation  at  Tg, 

Ev  is  very  close  to  a  constant.  Hence,  (-EV/BR)  nay  be  treated 
as  a  constant,  equal  to  D.  Therefore, 

y/lTZ -A'+  P 

The  values  of  and  1/Tg  of  sample  numbers  1  -  4  are  shown 

in  Figure  3.12.  Using  linear  regression,  it  is  found  that 
A'  =  1.9625,  E  =  -410.85,  and  the  linear  correlation  /57 

coefficient  is  -0.99504.  Therefore,  the  relation  is  very 
close  to  linear.  V.'hen  the  weight  percentage  of  NC  is  between 
33.04  and  65.50 %  and  the  ratio  stabilizer/NC  =  0.0260,  the 
emperical  relation  between  an(*  Tg  for  an  adhesive  system 

under  3KZ  dynamic  conditions  is: 

v'Wrt*  1.96-4.11x10*-^- 


*9 


Figure  3.12  The  relation  between  /.’.'nc  and  !/Tg  for  sample 
numbers  1-4. 
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4#  Conclusions 

(1)  The  dynamic  mechanical  properties  of  CMDB 
propellants  are  between  those  of  B3  propellants  and  PVC 
complex  propellants.  In  the  usable  temperature  range,  it 
crosses  the  glass-region  (relaxation  occurring) ,  the  glass 
conversion  region  and  the  highly  elastic  region#  It  has  a 

very  wide  transition  region#  Therefore,  its  internal  dissipation 
is  relatively  large  over  the  entire  usable  temperature  range# 

This  aids  the  bearing  of  a  great  dynamic  load  during  transpor¬ 
tation,  ignition,  landing  and  flying# 

(2)  There  is  a  strong  ^ -relaxation  for  C?!D3  at 
temperatures  below  Tg#  This  improves  the  impulsive  strength 
for  temperatures  between  Tg  and  T^and  therefore  improves  the 
resistance  to  impulse  of  d-'.DE  at  low  temperatures#  This  feature 
is  very  valuable  in  resisting  the  impulsive  load  caused  by 
ignition# 

(3)  The  dynamic  mechanical  properties  of  Cl-'TB 
propellants  mainly  depend  on  its  adhesive  systems#  The  influence 
of  solid  fillers  on  the  transition  temperature  (Tg»TB)  is  not 
significant#  They  do  increase  the  energy  modulus  (especially 
in  the  highly  elastic  region)  and  decrease  the  internal 
dissipation  at  low  temperatures#  Therefore,  the  def ormability 

of  C/.L 3  will  be  reduced  and  the  dynamic  mechanical  properties 
will  be  unfavorably  affected# 

(4)  There  exists  an  optimal  amount  for  plasticization 

of  the  double-base  adhesive#  Below  this  value,  the  plasticization 
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effectiveness  of  EG  increases  significantly  and  at  that  value 

the  highly  elastic  region  is  widest.  For  the  same  weight 

percentage,  the  decrease  in  T„  and  E*  of  NC  caused  by  EG  is 

g 

not  as  great  as  that  caused  by  TA  and  EBP. 

(5)  The  relation  between  1/Tg  and  the  square  root 

of  NC  weight  percentage,  of  a  double-base  adhesive  system 

is  linear. 

(6)  Using  a  viscoelastometer  to  measure  the  dynamic 
mechanical  properties  of  solid  propellants  over  a  wide  tempera 
ture  and  frequency  range,  v;e  have  been  able  to  observe  the 
characteristic  region  of  the  visco-elastic  behavior  and  have 
obtained  the  information  on  glass-conversion,  secondary 
transition,  internal  mechanical  dissipation  and  surface 
activation;  these  features  are  associated  with  molecular 
motion.  This  has  been  beneficial  to  research  on  the 
microscopic  structures  and  the  macroscopic  behavior  of 
propellants  on  the  basis  of  molecular  motion.  At  the  same 
time,  under  the  development  and  selection  of  the  propellants 
for  major  strategic  missiles,  it  is  necessary  to  estimate  the 
overall  mechanical  properties  of  solid  propellants. 
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